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DISCUSSION ON HYPOTHYROIDISM
Dr. Oliver Garrod and Dr. I. C. Gilliland (Post-Graduate Medical School of London):
The Assessment ofEndocrine Function in Primary and Hypopituitary Myxa?dema Means et al. (1940) drew attention to the severe myxcedema that may occur in the course of anterior pituitary failure. Many subsequent authors (including Statland and Lerman, 1950; Querido and Stanbury, 1950; Despopoulos and Perloff, 1950) have stressed the difficulty there may be in distinguishing hypopituitary myxcedemal from primary hypothyroidism. A correct diagnosis can usually be made by careful assessment of the history and physical findings. There is, however, a small group of cases in which the cause of the myxcedema can only be decided after special investigation or prolonged observation.
Because an isolated failure of thyrotrophic hormone (T.S.H.) secretion has not yet been shown to occur in man, the problem theoretically should be simple. Is the myxcedema, common to both conditions, due to a primary failure of the thyroid gland, or is it part of a secondary failure of all the glands whose function is maintained by pituitary trophic hormones? Thus, the presence in large or normal amounts of pituitary trophic hormones such as follicle-stimulating hormone (F.S.H.) or T.S.H. should exonerate the pituitary gland; alternatively, the finding of normal adrenal and gonadal function in a patient with myxcedema might indicate that pituitary function is adequate. Unfortunately, severe hypothyroidism per se can cause profound metabolic effects in all the body tissues, including the pituitary and other glands; and these effects, if prolonged, may lead to more widespread endocrine failure. For example, patients with severe myxcedema may have a loss of axillary and pubic hair, amenorrhoea or impotence, very low 17-ketosteroid excretion and hypoglycaemic unresponsiveness; and adrenal response to ACTH may be defective in primary myxcedema (Hill et al., 1950) .
In trying to establish criteria for separating these two conditions, we have assessed certain endocrine functions in 35 patients with the following clinical diagnoses:
(1) Primary myxoedema, 21 cases. (2) Hypopituitarism, 11 cases. (3) Myxoedema, of which the cause, at first uncertain, became clear only after full investigation, 3 cases (final diagnosis: 2, hypopituitarism; 1, primary myxoedema).
All of the 13 patients with hypopituitarism gave evidence of gonadal failure, and 9 had clinically obvious myxoedema. 8 gave a history of post-partum hiemorrhage, 3 were found to have pituitary tumours, and in 2 the etiology was obscure. Of the 22 patients with primary myxoedema, this was apparently idiopathic in 18, and followed surgery or radio-iodine therapy in 4. 8 were studied more fully. Clinical assessment of endocrine function was supported whenever possible by the following investigations:
(1) Gonadalfunction Our findings in the two groups of patients and our conclusions concerning the diagnostic significance of these tests can be summarized as follows:
(1) Gonadotrophic Function Follicle-stimulating hormone (F.S.H.), as measured by the mouse uterus units containEd in a twentyfour-hour specimen of urine, is probably the simplest and most reliable of the pituitary trophic hormone assays (Klinefelter et al., 1943; Gorbman, 1945) . A high level of F.S.H. excretion is incompatible with a diagnosis of pituitary failure. Because the majority of myxoedematous patients are of -post-menopausal age, high levels are to be expected and, if confirmed, are therefore of diagnostic value in excluding hypopituitarism. On the other hand, low levels are sometimes found in severe primary myxoedema of post-menopausal age as well as in hypopituitarism, and are of much less diagnostic value. If these return to normal after thyroid treatment, pituitary failure can be-excluded 4s the cause of hypothyroidism (vide Miss Ev., Case Ill).
(2) Adrenal Function (a) The measurement of 17-ketosteroid excretion was of little value in separating the two conditions because an excretion rate of less than 2 mg. per twenty-four hours was also a common finding in patients with primary myxcedema (confirming Statland and Lerman, 1950 ). (b) The water diuresis test was of considerable diagnostic value. We used a standard procedure which measured the rate of urine flow during the second hour after ingestion of 20 ml. water per kilogram of body weight and the percentage of the water dose excreted in three hours (Garrod, 1954) .
In 12 of the 13 cases of hypopituitarism, these values were less than 1-5 ml. per minute and 20% respectively. In the 18 cases of primary myxcedema not in heart failure1, these values exceeded 3 ml. per minute and 50% excretion respectively in 16 cases, and only one excreted less than 25% of the water dose. In 1 of the 2 patients with a poor diuresis, this was restored to normal by thyroxine alone, and in the other it did not improve after cortisone. In 10 cases of hypopituitarism, when the test was repeated three hours after 50 mg. of oral cortisone, all excreted more-than 40 % of the water dose in three hours.
(c) Insulin tolerance test (Fraser and Smith, 1941) .-6 of 8 patients with primary myxoedema showed hypoglycaemic unresponsiveness usually associated with a delayed fall in blood sugar.
Because there was also a delayed fall in 2 patients with hypopituitary myxcedema, this test was of limited value in separating the two conditions. (d) Electrocardiogram.-AUl the patients with hypopituitarism showed depressed or biphasic T waves, and in most of them the voltage was reduced throughout. Only when thyroid function was adequate by other tests could these changes be corrected by cortisone alone; otherwise thyroxine was also necessary. In primary myxcedema the ECG was corrected by thryoxine alone.
(e) Plasma 17-hydroxycorticosteroid concentrations.-These were measured by Dr. R. I. S. Bayliss (Bayliss and Steinbeck, 1953) . In all 8 cases of primary myxcedema, they were within the normal range. In 8 cases of hypopituitarism, the levels were subnormal in 5, low normal in 1 and normal in 2 (1 of these showed no evidence of adrenal failure when on thyroxine).
(3) Thyroid Function (a) Basal metabolic rate.-In the presence of pituitary or adrenal failure, a moderately low B.M.R., e.g. -20%, does not necessarily indicate hypothyroidism. Only in the 9 cases of hypopituitarism with obvious myxoedema was the B.M.R. less than -24 %.
(b) Radio-iodine tests.-The urinary excretion and neck uptake of 'll were measured before and after administration of thyrotrophic hormone (T.S.H.)' (Querido and Stanbury, 1950) and the results compared with those obtained in subjects with normal thyroid function. 9 patients with primary myxcedema showed no significant neck uptake and no diminution in urinary excretion of I'll after T.S.H. However, 3 out of 6 patients with hypopituitary myxcedema also showed no significant response to T.S.H. (Ambinon B in 2 cases, Thyropar in 1 case). This failure of response could be due to secondary fibrosis of the thyroid gland such as Sheehan observed at autopsy in 15 out of 82 cases of hypopituitarism (Sheehan and Summers, 1949) . The diagnostic value of this test is thus limited to excluding primary myxcedema if the neck uptake is significantly increased after T.S.H.; a negative response does not exclude hypopituitarism from being the cause of myxcedema.
(c) Plasma cholesterol.-In only 3 out of 9 cases of hypopituitary myxcedema did the plasma cholesterol exceed 300 mg. %.
'Congestive heart failure inhibits water diuresis. 2We used 2 preparations of T.S.H.: (1) Ambinon B (Organon), 2 c.c. by intramuscular injection three or four times a day for four days, and (2) Thyropar (Arnour), 10 U.S.P. units once by intramuscular injection. The second dose of Il8 was given on the last day of the Ambinon injections or forty-eight hours after the Thyropar injection.
886
(d) Electrocardiogram.-In primary myxoedema the ECG voltage was restored to normal by thyroxine alone, whereas in hypopituitary myxcedema cortisone, as well as thyroxine, was needed to obtain this effect. In general, cortisone and thyroxine were found to have a synergistic action in correcting the ECG changes in hypopituitarism.
(e) Assay of thyrotrophic hormone in the blood.-At the beginning of these studies, we hoped that by estimating T.S.H. in the blood (Gilliland and Strudwick, 1953) we would be able to obtain a clear indication of the site of the lesion. Cases of undoubted primary myxcedema were found to have a high serum T.S.H. level, whereas in 3 cases of Simmonds' disease this assay was negative. However, we then found a case (Miss Ev., Case III) of severe primary myxoedema with no measurable T.S.H. in her serum before treatment. After partial treatment with thyroxine a further test showed T.S.H. to be present in amounts comparable with those found in other cases of primary myxcedema. This patient also had a negative urinary F.S.H. assay which rose to post-menopausal levels after treatment with thyroxine.
ILLUSTRATIVE EXAMPLES
The following 3 cases illustrate some of the diagnostic difficulties. Case I, A. T., is a man of 45 who three years previously had begun to notice a loss of libido and sexual hair and to develop symptoms of myxcedema. Three years later the clinical and laboratory findings were as follows:
(1) Gonadalfunction (abnormal Despite the absence of symptoms for twelve years after the post-partum heemorrhage, there is now evidence of severe panhypopituitarism. We would suggest that pituitary necrosis was incomplete but that the onset, perhaps coincidentally, of myxcedema, which remained untreated for two years, caused further damage to the surviving pituitary cells.
Case III, Miss Ev., is a nulliparous spinster of 58 who was found to have reversible anterior pituitary failure, due apparently to severe neglected primary myxoedema. Menstruation began at 17, ceased at 47 and was always scanty and infrequent. At 36 she suffered a severe head injury followed by prolonged unconsciousness. There is no record of a fractured skull, and skull X-rays (1953) were normal. The findings before treatment was started in 1953 were as follows:
(1) Gonadalfunction ( later she was readmitted to hospital in moderate relapse, having neglected to take thyroxine for at least seven weeks. On further investigation, after two weeks of thyroxine at low dosage (0-1 mg. per day) she had an F.S.H. excretion of more than 24 mouse units per twenty-four hours, a high serum T.S.H. level, and a normal plasma 17-hydroxycorticosteroid concentration. This case illustrates how anterior pituitary function can be depressed in the presence of severe untreated myxcedema. Analogous findings have been reported in the experimental animal with untreated myxcedema (Starr et al., 1939) . CONCLUSIONS These studies have confirmed the occasional difficulty in distinguishing between primary and hypopituitary myxcedema, and have shown that severe myxoedema per se may inhibit the secretion of trophic hormones by the pituitary.
A water diuresis test, repeated when necessary after cortisone, was found, in the absence of heart failure, to be of value in distinguishing between primary an(l hypopituitary myxcedema, and should be used whenever the diagnosis is in doubt.
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Dr. M. Reiss and Dr. C. P. Haigh (Biochemical and Endocrinological Research Department of Bristol Mental Hospitals): Various Forms of Hypothyroidism in Mental Disorder The clinical diagnosis of hypothyroidism is frequently overlooked. This is because the degree of severity of the characteristic symptoms varies considerably. Between the clinically obvious hypothyroid state and the normal there is a kind of no-man's-land in which the true or effective level of thyroid activity is not easily decided. Whether or not this region can be investigated depends on the technical methods available for measuring thyroid function, as a purely clinical assessment appears impossible. Even with present laboratory methods, such as those depending on radio-iodine, which result in a numerical expression of thyroid activity, there is the well-known difficulty of deciding the significance of the intermediate values and, indeed, of showing any such significance to be unique.
Our radioactive tracer method (Haigh and Reiss, 1950; Haigh et al., 1954) involves measuring (i) the almost linear rate of uptake, k, by the thyroid which is established during the hour following intravenous application of 1181, and (ii) the total forty-eight-hour urinary excretion, E48, or, more usually and preferably, the twenty-four-hour uptake, 'Uh, of radio-iodine. UJ24 is measured conveniently with a toroidal counter (Haigh, 1951) . From these measurements a further index of thyroid activity, It, is computed, defined as k/E48 or k/(90-1J24), the latter being preferred since urine collections tend to be uncertain (Haigh et al., 1954) . In general, k, U24 and It increase, and E48 decreases, when thyroid activity rises (Figs. 1 and 2) . When a cross-section of a mental hospital population is examined by this method the result is of the type shown in Fig. 3 in which attention is concentrated solely on the index It. Log It is approxi- are cases of clinical hyperand hypo-thyrosis, but others fall into the no-man's-land where classification can be attempted only on the basis of the numerical index. For the present purpose it is sufficient to adopt a crude classification of patients into three divisions, namely, those giving values within a normal range decided by measurements on normal controls and those with values above and below this range. Even with this rough criterion some error in classification results from the diffuse nature of the boundaries. Table I shows the distribution of patients within the 3 categories during three successive years. Considering-the range of thyroid activity below normal, first of all there is true hypothyroidism of primary or secondary origin. This usually gives It, k and 1524 values greatly displaced from the normal, and it is assessed with corresponding ease. The primary may be differentiated from the secondary following radioactive measurements before and after treatment with thyrotrophic hormone. Within error, primary hypothyroidism gives the same values of k, E48, U24 and It on each occasion whilst the secondary type shows an increased uptake and a reduced excretion of radio-iodine after thyrotrophic hormone has been given (Fig. 4) . Quite apart from the difficulty of correlating different levels of thyroid activity with measured numerical values, especially in the intermediate region, there are two types of cases in which the meaning of the radioactive measurements is not immediately apparent. In the first, the patient has It, k and UI values in the normal or the above normal ranges, but the measured basal metabolism is low and frequently so low that its validity is not in question despite large possible errors which so often discredit B.M.R. measurements. Occasionally, such patients show some clinical symptoms of hypothyroidism. When an index of thyroid activity measured radioactively, such as It, is plotted against B.M.R., the two are seen to be simply related within reasonable limits and the cases of peripheral insensitivity or effective hypothyroidism, not revealed by radio-iodine alone, stand out quite clearly (Fig. 5) .
There is thus a peripheral insensitivity to thyroid hormone and the patient is, in effect, suffering from hypothyroidism despite the normal functioning of the thyroid gland. Treatment with large amounts of thyroid extract does not increase the oxygen consumption, a not unexpected phenomenon on account of the insensitivity of the tissues to the endogenously produced thyroid hormone. Langfeldt (1926) and Hoskins and Sleeper (1929) have already described a series of schizophrenic patients, who showed no increase in the B.M.R. even after high doses of thyroid. We did not find this form of tissue hypothyroidism restricted to schizophrenic cases only. In some of these cases radioactive measurements give values in the hyperthyroid range, presumably due to a feedback mechanism whereby low utilization of thyroid hormone by the tissues causes an increased secretion of thyrotrophic hormone by the pituitary anterior lobe. In this way a secondary hyperthyroidism is produced.
The foregoing type of hypothyroidism was revealed by the inconsistency of two types of measurement. The second type, which we have termed " pseudo-hypothyroidism", became apparent from discrepancies between the different radioactive measurements alone. It is characterized by a very low (sometimes zero) rate of iodine uptake during the first hour (k), but a normal or even increased twenty-four-hour uptake, IJ24. The k value indicates hypothyroidism which cannot be true on the basis of the later measurement. This contradiction arises particularly with apprehensive patients and those suffering from some form of anxiety neurosis. Later, when the tension relaxes, the thyroid is able to operate in its customary manner to accumulate the normal amount of radio-iodine measured twenty-four hours after the injection. Thus, it seems that hypothyroidism cannot be assessed reliably from radioactive measurements made shortly after the application of radio-iodine, and this fact should not be overlooked, especially in techniques such as the early thyroid clearance method of Berson et al. (1952) .
The uptake curves measured in "pseudo-hypothyroidism" are demonstrated in Fig. 6 : (i) shows a normal curve and the corresponding twenty-four-hour uptake; (ii) is a typical pseudo-hypothyroid response where the rate of accumulation is zero after the count due to radio-iodine in the blood vessels has been established; (iii) is a less severe case in which accumulation began rather later than is normal, and (iv) is a special case where a very apprehensive patient was reassured by the technician some time after the measurement was commenced. This discrepancy between the 13' uptake during the first hour and the total twenty-four-hour uptake rate is thought to result from an increased mobilization and circulation of vasoconstrictor substances when the patient attends for the first part of the investigation. In fact, uptake curves similar to those of Fig. 6 can be obtained from nembutalized rabbits after continuous infusion, or injection, of small doses of adrenaline (Haigh et al., 1954) . In other experiments, different forms of stress very rapidly reduced by 50 % to 80 % the 1131 uptake of the thyroid of normal and hypophysectomized rats. A similar action was observed after injection of small adrenaline doses (Badrick et al., 1954) .
Using this particular method of thyroid activity measurement we have been able, as mentioned above, to detect many cases of intermediate hypothyroidism in a psychiatric hospital population. It has also been possible to study relations between thyroid and mental disturbances and, in particular, to relate changes in mentation of patients undergoing various forms of treatment with the accompanying changes in thyroid activity. The results shown in Table II reveal a significant correlation between improvement in mental state and normalization of thyroid activity in 95 originally hypothyrotic patients. This was regardless of the type of treatment applied. Table III concerns patients with hypothyroidism treated with thyrotrophic hormone. In cases of secondary hypothyroidism this normalizes the thyroid activity and there is a significant correlation between this process and the accompanying mental improvement, regardless of the psychiatric disease entity concerned.
SUMMARY
Following radioactive assessment, the thyroid activities of mental hospital patients have been placed in three categories: normal, above and below normal. On the average 17 % of all cases fall into the lower range. True hypothyroidism gives thyroid index values greatly displaced from the normal and its primary or secondary origin may be determined by subsidiary measurements.
In two types of cases the meaning of the radioactive measurements is not readily apparent:
(1) Cases in which there is a peripheral or tissue insensitivity to thyroid hormone causing an effective hypothyroidism, although the measured thyroid activity may be normal or above normal.
(2) Cases of "pseudo-hypothyroidism" mainly evident in apprehensive patients and characterized by a low thyroid uptake of radio-iodine measured shortly after the application of the tracer, and a twenty-four-hour uptake value not below normal. This is believed due to an increased circulation of vasoconstrictor substances during the early measurements.
A correlation exists between changes in thyroid activity and in mentation.
